Achieving the Joint United Nations Program on human immunodeficiency virus (HIV)/AIDS Fast-Track targets requires additional strategies for mobile populations. We examined trends and socio-demographics of migrants (overseas-born) and Australian-born individuals presenting with late and advanced HIV diagnoses between 2008 and 2017 to help inform public health approaches for HIV testing coverage and linkage to care and treatment.
Introduction
Achieving the Joint United Nations Program on human immunodeficiency virus (HIV)/AIDS (UNAIDS) Fast-Track targets is projected to reduce HIV incidence and mortality, but requires equitable access to HIV testing and treatment services for all population groups. [1, 2] Progress made to reach these targets has often not been uniform across population groups. [3] Late HIV diagnosis (CD4+ T-cell count <350 cells/mL), especially among society's most vulnerable, including migrant populations, remains a challenge. [4] Investigating the patterns of late and advanced (CD4+ T-cell count <200 cells/mL) HIV diagnosis in migrants is important to identify gaps in HIV testing and treatment service coverage that inhibit overall HIV prevention and care performance.
Migration involves movement of people across international borders and immigrants are non-nationals who move into a country often for settlement purposes. [5] Patterns and trends in global migration have changed significantly in recent decades, with the number of international migrants increasing to 258 million in 2017. [6] This level of migration has important implications for HIV prevention and treatment strategies. Migrant populations face barriers to accessing health care due to irregular migration (illegal stay), lack of migrant-inclusive health policies, exclusion from government-funded subsidies, cost, and difficulties in navigating health systems. [5, 7] Other barriers are stigma and lack of culturally appropriate service options. [8] [9] [10] In countries with "universal" health coverage, migrants may not be in a position to prioritize their health and may be unaware of available health services or even excluded from accessing health care. [7, 8, 11] In Australia, migrants commonly face many of these barriers, reducing their access to timely HIV testing and treatment. [12] In 2017, 7.3 million (29%) of Australia's estimated resident population were born overseas (migrants), an increase from 5 million (25%) in 2006. [13] Australian citizens and permanent residents are covered by Medicare (the national health insurance scheme), which allows free or subsidized access to general health care. Medicare coverage extends to people from countries with a reciprocal health care agreement (RHCA) with Australia (Belgium, Finland, Italy, Malta, Netherlands, New Zealand, Norway, Ireland, Slovenia, Sweden, and the United Kingdom). However, depending on their classification, many other migrants require private health insurance or must pay the full cost to access health care. Migrants may be eligible for compassionate programs to access HIV care or private health insurance which may require reimbursable upfront payments. Additionally, persons living in rural or remote areas of Australia often have poor health access compared to those in metropolitan areas irrespective of migration status. [14] Lack of health care access is part of the multifactorial reasons that may lead to individuals seeking HIV testing or care late. Delayed access to HIV health care can result in 2 main negative consequences: first, the individual receives delayed diagnosis that affects their health outcomes, and second, the likelihood of onward HIV transmission increases. [15] Recent modeling has indicated more than half of new HIV transmissions in Australia are attributed to undiagnosed HIV, and this proportion has increased over time. [16] Routine reports present the proportion with late diagnoses over time, but this could mask emerging trends in subpopulations. Annual surveillance reports suggest changing patterns of HIV transmission and risk in Australia. While approximately 65% of HIV diagnoses in Australia were attributed to sex between men in 2017, some jurisdictions are reporting declines in diagnoses among gay and bisexual men who have sex with other men (MSM) but an increase in heterosexual transmissions. [17] In addition, declines in HIV diagnoses and incidence being observed among Australian-born MSM are being offset by increases in diagnoses among MSM born overseas particularly Southeast Asia, Northeast Asia, and Southern and Central Asia. [18, 19] Previous research has shown that late HIV diagnosis is common among migrants from high adult HIV-prevalence countries while more recent data from clinics with high caseloads of migrant MSM point to low testing coverage and potentially high rates of undiagnosed HIV in this population group. [20] [21] [22] [23] Given the shifting HIV epidemiology, it is becoming increasingly important to monitor late and advanced HIV diagnosis more closely among migrants to help inform responses to the epidemic. This paper examines recent trends in late and advanced HIV diagnosis among a range of migrant subgroups compared to Australianborn people to help inform public health approaches designed to increase HIV testing coverage and linkage to treatment.
Methods
We conducted a retrospective population-level observational study of individuals diagnosed with HIV in Australia between January 1st, 2008 and December 31st, 2017.
Study population and data source
We analyzed Australian HIV notification data as reported to the National HIV Registry at The Kirby Institute at the University of New South Wales (Sydney, Australia), for the period 2008 to 2017 with a focus on identifying changes in trends in late and advanced HIV diagnosed in subgroups of migrants. We analyzed HIV notifications among migrants and Australian-born individuals. People with missing CD4+ T-cell count, sex, and country of birth were excluded from the analysis.
In Australia, HIV is a notifiable disease and recording of patient data is mandatory under jurisdictional and federal legislation. Under procedures described previously, all new diagnoses must be reported to state and territory health authorities by laboratories and/or physicians. [24] State and territory authorities collect enhanced surveillance information for each case and reports this to the National HIV Registry, which is maintained by the Kirby Institute at University of New South Wales, Sydney, on behalf of the Australian Government Department of Health. [25] 
Data collection
Data collected for each HIV notification included year of diagnosis, age at diagnosis, sex, country and country/region of birth, main language spoken at home, area of residence, CD4+ Tcell count at diagnosis or within 3 months, mode of HIV exposure category/likely route of HIV transmission, and jurisdiction of residence at the time of diagnosis.
Using the World Health Organization classification for case definitions and clinical staging of HIV and a later HIV consensus definition for late presentations, we classified HIV notifications with a CD4+ T-cell count <350 cells/mL as late HIV diagnosis and those with CD4+ T-cell count <200 cell/mL as advanced HIV diagnosis (a subset of late diagnoses). [26, 27] We did not consider a past HIV testing history when defining late or advanced Medicine diagnosis, as this information is unique to Australia and we wanted to be consistent with international classifications. Country of birth is self-reported to the diagnosing clinician; we used this variable to classify individuals diagnosed with HIV as migrants (born in countries other than Australia) or Australianborn. Based on country of birth, individuals were grouped into region of birth based on the Australian Bureau of Statistics' (ABS) classification. [13] Mode of exposure to HIV is self-reported to the diagnosing clinician and classified as male-to-male sex only which occurs in MSM, injecting drug use (IDU) only, male-to-male sex with dual risk of IDU, heterosexual sex only, and other (eg, mother-to-child transmission, direct blood/tissue exposure, and iatrogenic exposure). We collapsed HIV exposure into 3 categoriesmale-to-male sex only, heterosexual only, and other (all other exposures).
Area of residence in Australia is classified as major cities, inner regional, outer regional, remote, and very remote as per ABS classification. We created a binary variable to classify area of residence as major cities or regional/remote. Main language spoken at home is self-reported to the clinician and categorized as English or otherwise. Country of birth was also used to determine if the individual was from a country with a RHCA with Australia. Temporary migrants eligible for RHCA have similar access to health care as people born in Australia, so we dichotomized countries as having or not having an RHCA with Australia. We also determined if the country of birth had high (≥1%) or low HIV prevalence (<1%) based on 2017 UNAIDS data. [28, 29] In this study, the following were high HIV prevalence countries: Angola, Barbados, Botswana, Burundi, Congo, Republic of Ghana, Guinea, Guyana, Jamaica, Kenya, Liberia, Malawi, Mozambique, Russia Federation, Rwanda, Sierra Leone, South Africa, Sudan, Thailand, Togo, Uganda, Tanzania, Zambia, and Zimbabwe.
Statistical analysis
Descriptive analysis was conducted to describe new HIV diagnoses between 2008 and 2017 stratified by migration status, sex, age, area of residence and region of birth. We calculated the proportion of HIV cases with CD4+ T-cell ≥350, 200 to 349, <350 (late HIV diagnosis), and <200 cells/ mL (advanced HIV diagnosis), and determined proportions of migrants and Australian-born that presented with late and advanced HIV. Binary variables were compared using Chi-squared tests.
Annual proportions of late and advanced HIV diagnoses were compared by migration status, sex, HIV exposure category, RHCA with Australia, area of residence, main language spoken at home, and high/low HIV-prevalence countries.
Annual trends of proportions of late and advanced HIV diagnosis were assessed using Poisson regression models. Poisson regression is a type of generalized linear models and an alternative analysis approach to quantify time trends of relatively rare discrete outcomes and is a useful tool for program evaluation. [30] Data modeled in the Poisson regression were checked for over-dispersion. Time (year) was treated as an independent covariate. Incidence rate ratios (IRR), confidence intervals (CI), and P-values were used to describe the annual trends. The IRR represents the average annual incidence ratio. Proportions of late and advanced HIV diagnoses among migrants and non-migrants of new infections were computed. We used IRR to compare trends in migrants versus Australian-born with late diagnosis, sex, and HIV exposure category.
All analyses were performed using Stata IC 14 (Stata Corp, College Station, TX), with the significance level set at P < .05.
The Alfred Ethics Committee (Project No. 207/17) and the Monash University Human Ethics Committee (Project No. 8987) approved the study. The Communicable Diseases Network Australia gave approval to access non-identifiable National HIV Registry data.
Results
Among 9926 HIV diagnoses notified from 2008 to 2017, 84% (8340) were included in analyses. We excluded individuals with missing CD4+ T-cell count at diagnosis (n = 1401), country of birth (n = 184), sex (n = 1) ( Table 1 ). Most of the individuals with Table 1 Demographics of individuals with new HIV diagnoses by migration status, sex, age, area of residence, and region of birth .
Variable
New HIV diagnoses N (%) Table 3 presents the annual trends in the proportions of late HIV diagnoses by migration status, area of residence, main language spoken at home, RHCA with Australia, and high/low HIV-prevalence countries. Figure 3 shows trends in the proportions over time of late HIV diagnoses and CD4+ T-cell categories in migrants compared to Australian-born individuals. Overall, the annual proportion of late HIV diagnoses remained constant over 2008 to 2017 (IRR 1.00; 95% CI 0.99-1.01; P = .79). However, among migrants with late HIV diagnosis, the proportion of men with male-to-male sex as their mode of HIV exposure (IRR 1.05; 95% CI 1.03-1.08; P < .001), individuals whose main language spoken at home is not English (IRR 1.03; 95% CI 1.01-1.05; P = .01), and individuals born in countries in low HIV-prevalence (IRR 1.02; 95% CI 1.00-1.04; P = .01) increased gradually (Figs. 3 and 4 and Table 3 ). Among migrants with late HIV diagnosis, we identified a decreasing proportions of females (IRR 0.94; 95% CI 0.91-0.98; P = .001), individuals with heterosexual contact as their mode of HIV exposure (IRR 0.94; 95% CI 0.92-0.96; P < .001), those reporting the main language spoken at home was English (IRR 0.97; 95% CI 0.95-0.99; P = .01), born in countries with an RHCA (IRR 0.96; 95% CI 0.92-0.99; P = .03), and individuals born in high HIVprevalence countries (IRR 0.89; 95% CI 0.86-0.93; P < .001) ( Table 3 and Fig. 4 ). Among people with a late HIV diagnosis who were born in Australia, only the proportion of individuals reporting heterosexual exposure (IRR 1.06; 95% CI 1.02-1.10; P = .001) had an increased (Fig. 4 ). Table 4 presents annual trends in the proportion of advanced HIV by migration status, sex, HIV exposure category, area of residence, main language spoken at home, RHCA with Australia, and high/low HIV-prevalence countries. Trends of advanced HIV together with other CD4+ T-cell categories are also shown in Figure 3 . Similar to late HIV diagnoses, the annual proportions of advanced HIV diagnoses remained constant over 2008 to 2017 (IRR 1.01; 95% CI 0.99-1.02; P = .38) ( Fig. 3) . Unlike in migrants with late HIV diagnoses, among those with advanced HIV diagnosis the proportion of females (IRR 0.97; 95% CI 0.93-1.02; P = .25) remained stable, but the proportion reporting heterosexual HIV exposure (IRR 0.95; 95% CI 0.92-0.98; P = .001) decreased (Table 4 ).
Annual trends of proportion of advanced HIV diagnoses

Discussion
Despite significant investment in health promotion for testing in at-risk groups, scaling up of testing services and increases in the frequency of HIV testing at high-caseload HIV clinics, the annual proportions of individuals diagnosed with late and advanced HIV did not decline in Australia between 2008 and 2017. [31] [32] [33] In this period, 40% of individuals diagnosed with HIV in Australia were migrants, and similar to trends in HIV diagnoses overall, there was no significant change in the proportion of migrants diagnosed with late or advanced HIV. We found that most of the late HIV diagnoses among migrants, were people born in Southeast Asia and sub-Saharan Africa. The proportional decreases in late diagnosis seen among females, those reporting heterosexual exposure, individuals born in high HIV prevalence countries, and migrants whose main language spoken at home was English were offset by increases in late diagnoses among migrant MSM and those whose main spoken language at home was not English. The proportion of late diagnosis among Australian-born individuals with heterosexual HIV exposure increased.
Our study identified that 39% of all new HIV diagnoses were late diagnoses, consistent with previous studies in Australia and globally. [21, 34, 35] However, because we included all new HIV diagnoses irrespective of whether classified as "newly acquired HIV," the proportion of late diagnosis was higher than what is reported in the surveillance report in Australia. An individual has newly acquired HIV if there is evidence of HIV acquisition in the 12 months before diagnosis. [18] A high proportion of late HIV diagnoses were among migrants, particularly those born in Southeast Asia and sub-Saharan Africa. We found that 47% of migrants had a late HIV diagnosis, similar to the figure produced in an Australian study using routine surveillance data of new non-MSM HIV diagnoses. [36] Our study suggests there is a downwards trend in the proportion of late HIV diagnosis among individuals from high HIV-prevalence countries in Australia, this trend has also been reported in overall new HIV diagnoses among heterosexuals. [37] It is not clear whether migration policies are responsible (ie, whether fewer people with HIV are migrating) or slowing emigration from high HIV-prevalence countries or clinicians increasingly recognizing the need to test people from "traditional" high-prevalence countries and not others. While fewer people from high HIV-prevalence countries now present with late HIV diagnosis, compared to individuals from low-HIV prevalence countries, they are still more likely to present late. This trend has also been shown in previous studies from Australia, Ireland, and the Netherlands. [38] [39] [40] [41] Our findings suggest a shift in the HIV epidemiology of late HIV diagnoses in Australia. While the proportion of late HIV Annual trends of late HIV diagnoses by migration status, area of residence, language, RHCA, and HIV-prevalence in region of birth . [20, 37] Importantly, they found that by the end of the reporting period a significant difference in HIV incidence between the 2 groups had emerged but that previous associations between condom use and number of sex partners were no longer significant. The authors suggested that poor access to biomedical interventions in newly arrived Asian-born MSM helped explain the observed disparities in HIV incidence. [20] While late diagnosis may be occurring in this subpopulation because of health care access barriers due to ineligibility for Medicare other barriers that have been cited include stigma related to HIV, denial, social norms, tradition, and cultural barriers. [42] In Australia, health care is accessed through Medicare or private health insurance. Migrants on short-term visas (except those from countries with RHCA) are not eligible for Medicare and will be required to pay the cost of health care unless on a private health insurance. The option of having HIV care on private health insurance may need to be negotiated. Migrants wanting to access HIV care services may still find the process of negotiating the options daunting even though compassionate programs may be available for those with no access. Restrictive health policies have been implicated late HIV care presenters among migrants in Ireland, Portugal, and Spain. [8, 43, 44] In Australia, the role and impact of Medicare ineligibility among migrants at risk of or living with HIV needs further exploration especially among international students who constitute a significant proportion of short term visa holders.
Our findings showing the persistence of late and advanced HIV diagnoses underscore the challenges associated with HIV case finding and reducing undiagnosed HIV. Untreated HIV is a risk for onward transmission, and threatens achievement of the HIV incidence reduction target. [2, 4] At this stage of the HIV epidemic and country response, incidence was expected to be declining, including a decline in the proportions with late HIV diagnoses as we approach 2020, the timeline for 90-90-90 targets. [2] Being diagnosed with a CD4+ count <350 cells/mL demonstrates a long period of time with undiagnosed HIV implying possible onward transmission in the community. Among migrants, the time period between arrival and HIV diagnosis is critical especially for those who acquired HIV pre-migration. The latest cascade estimates suggest that Australia has exceeded its 2nd and 3rd "90" of the 90-90-90 targets; however, 27% and 13% of migrants born Southeast Asia and sub-Saharan Africa estimated to be living with HIV were undiagnosed. [18] Evidence from other studies in Australia indicates that migrants are more likely to have lower HIV testing and treatment cascades than nationals. [8, 45, 46] In order to reach the 95-95-95 targets in 2030, programs must include all vulnerable subpopulations at risk of HIV. While reaching the 95-95-95 targets in 2030 was projected to reduce HIV incidence by 90% compared to 2010, these incidence reductions in Australia are unlikely even if the 95-95-95 targets are reached. [47] This is because more needs to be done regarding prevention strategies (eg, pre-exposure prophylaxis [PrEP]), frequent test for high risk groups and ensuring that no-one is being left behind. There are some limitations to consider when interpreting these findings. First, we excluded individuals missing baseline CD4+ Tcell counts, area of residence, and country of birth data. Completeness of CD4+ T-cell counts has improved over time, thereby improving the accuracy of our estimates. There were no differences between individuals missing a CD4+ T-cell count and those with complete data hence there was no risk of bias in our trend analyses. Second, we used country of birth as a proxy for migration status, and may have misclassified people born in other countries who may have naturalized (or obtained permanent residency) and we did not report on how long one had lived in Australia. Additionally, we did not have data on whether one reports acquiring HIV pre or post migration which has important implications of prevention strategies for migrants. In a Poisson regression model, patient-years is ideally used as denominator as opposed to the patient counts used in our study. However, the distribution of new HIV diagnoses followed a Poisson distribution which was acceptable. Further research is needed to explore explicit reasons for late HIV diagnosis and any associations between late diagnosis and visa categories, as the latter are not captured in the national dataset.
Conclusion
This is the most comprehensive analysis to date of late HIV diagnosis among migrants in Australia. Despite efforts to increase HIV testing in key populations, our results suggest that Australia continues to have a significant proportion of late and advanced HIV diagnoses, with over-representation in migrants and an upwards trend in the proportion of late diagnoses among migrant MSM and Australian-born heterosexuals. Reaching the 95-95-95 targets in Australia will require targeted testing, linkage to care strategies and access to PrEP in migrant populations, with additional efforts for migrant MSM, as well as a renewed focus on strategies to improve testing coverage among Australian-born heterosexuals. There is a need to further explore barriers that migrants and other subpopulations in Australia continue to face in order to ensure that Fast-Track targets are reached. Table 4 Annual trends of advanced HIV diagnoses by migration status, sex, HIV-exposure category, area of residence, language, RHCA, and HIV prevalence in region of birth . (21) 15 (16) 20 (22) 18 (23) 11 (17) 11 (14) 17 (20) 12 (16) 14 (19) 11 (11) 141 (18) 
